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(54) Method for estinnating the sulfur content in the fuel of an internal combustion engine 



(57) A method for estimating the sulfur content in the 
fuel of an Intemal combustion engine (1) equipped with 
a catalyser (11); the percentage (S) of sulfur present In 
the fuel supplied during a specific measurement time 



interval is estimated by dividing the quantity of sulfur 
(SO^^,^) stored in the catalyser (11) during the 
measurement time interval by the product of a fixed 
conversion constant (Kgox) and the mass of fuel (m^^,) 
supplied to the cylinder (2) in the measurement time 
interval. 
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Description 

[0001] The present invention relates to a method for 
estimating the sulfur content in the fuel of an internal 
combustion engine. 

[0002] The present invention is advantageously ap- 
plied in the automoth^e internal combustion engine sec- 
tor, to which the following description malces explicit ref- 
erence without thereby restricting the general scope 
thereof. 

[0003] Modem automotive Internal combustion en- 
gines comprise an exhaust pi|3e that temninates in a cat- 
alyser, which has the function of reducing levels of pol- 
lutants contained in the exhaust gas; In particular, the 
catalyser stores either the NO^ groups produced during 
combustion, or the sulfur (in the form of SO^), which is 
contained in the fuel and is released during combustion. 
The catalyser has limited storage capacity for NO^ 
groups and sulfur (such storage capacity generally 
amounts to 3-5 grams) and when said storage capacity 
is exhausted, the catalyser must be cleaned by means 
of a regeneration process. 

[O004] The total mass of NO^ groups produced during 
combustion is much greater than the mass of sulfur re- 
leased during combustion, and moreover the regenera- 
tion process to remove NO^ groups (a few seconds of 
rich combustion) is much shorter than the regeneration 
process to remove sulfur (at least two minutes of rich 
combustion combined with an intemal temperature in 
the catalyser which, in relathre temns, is very high). For 
the reasons stated above, the regeneration process to 
remove NO^ groups is normally carried out every 45-75 
seconds of engine operation, while the regeneration 
process to remove sulfur is normally carried out every 
6-10 hours of engine operation. 
[0005] In particular, the actual residual capacity avail- 
able in the catalyser for storing NO^ groups is estimated 
periodtcaily according to the time elapsed since the pre- 
ceding regeneration process to remove sulfur and ac- 
cording to the sulfur content of the fuel, and perf onnance 
of the regeneration process to remove sulfur Is sched- 
uf ed on the basis of said estimate of residual capacity. 
[0006] Fuel manufacturers guarantee the maximum 
sulfur content of fuel (for example in Italy said value is 
currently 150 ppm); however, the actual sutfiir content 
is very often below said maximum value, such that using 
the maximum value results in an, often very significant, 
overestimate of sulfur content, so resulting In a greater 
frequency of regeneration, which entails both increased 
consumption and greater irregularity in engine opera- 
tion. Moreover, the maximum sulfur content in fuel var- 
ies from country to country, as a result of which an en- 
gine calibrated to use a fuel in one country might not 
operate optimally with fuel from another country. 
[0007] In order to resolve the problems descn*bed 
above, it has been proposed to use a sensor capable of 
directly measuring the actual sulfur content of the fuel; 
however, said sensor is particularly expensh^e and nor- 



mally requires frequent calibration to provide accurate 
measurements. 

[0OO8] The aim of the present invention is to provide 
a method for estimating the sulfur content in the fuel of 
5 an intemal combustion engine, which method does not 
have the above-stated disadvantages and, in particular, 
is simple and economic to implement. 
[0009] The present invention provides a method for 
estimating the sulfur content in the fuel of an intemal 
10 combustion engine equipped with at least one cylinder 
and at least one catalyser, the latter being capable of 
storing a quantity of sulfur and NOj^ groups and being 
subjected to a regeneration process to remove NO^ 
groups when efficiency of the catalyser itself falls out- 

15 side an acceptable range; the method providing a de- 
termination of the percentage of sulfur present In the fuel 
supplied during a specific measurement time interval by 
dhfiding the quantity of sulfur stored in the catalyser dur- 
ing the measurement time interval by the product of a 

20 fixed conversion constant and the mass of fuel supplied 
to the cylinder in the measurement time interval; the 
method being characterised In that a first quantity of NO^ 
groups stored by the catalyser immediately before a re- 
generation process to remove NO^^ groups is estimated 

^ at the beginning of the measurement time interval, a 
second quantity of KIO^ groups stored by the catalyser 
nmmediately before a regeneration process to remove 
NO^ groups is estimated at the end of the measurement 
time interval and said quantity of sulfur stored in the cat- 

so afyser during the measurement time internal is estimat- 
ed from the diffecence between said first quantity of NOx 
groups and said second quantity of NO^ groups. 
[0010] The present invention also provides a method 
for estimating the quantity of sulfur stored in a catalyser 

3s of an intemaU combustion engine equipped with at least 
one cylinder; the catalyser being capable of storing a 
quantity of sulfur and NO^ groups and being subjected 
to a regeneration process to remove NO^ groups when 
efficiency of the catalyser itself falls outside an accept- 

4a able range; the method being characterised in that a first 
quantity of NOj^ groups stored by the catalyser immedi- 
ately before a regeneration process to remove NO^ 
groups Is estimated at the beginning of the measure- 
ment time interval, a second quantity of NO^ groups 
stored by the catalyser immediately t>efore a regenera- 
tion process to remove NO^ groups is estimated at the 
end of the measurement time interval and the quantity 
of sulfur stored in the catalyser during the measurement 
time interval is estimated from the difference between 

so said first quemtity of NO^ groups and isald second quan- 
tity of NOx groups. 

[0011] The present invention also provides a method 
for estimating the sulfur content in the fuel of an intemal 
combustion engine equipped with at least one cylinder 
55 and at least one catalyser, the latter being capable of 
storing a quantity of sulfur and NOjj groups and period- 
Icatly being subjected to a regeneration process to re- 
move sulfur, the method providing the use of a current 
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sulfur concentration value and the correction of said sul- 
fur concentration value In order to obtain a new sulfur 
concentration value; the method being characterised in 
that a first time interval, which is actually necessary to 
complete a regeneration process to remove sulfur, is 
measured, the quantity of sulfur stored in the catalyser 
before said regeneration process to remove sulfur is de- 
termined using said current sulfur concentration value, 
a second time interval, which is theoretically necessary 
to complete the regeneration process, is estinr^ted on 
the basis of the estimated quantity of sulfur stored in the 
catalyser, and a multiplicative correction coefficient is 
detennined as a ratio between said first time inten^al and 
said second time interval. 

[0012] The present invention will now be described 
with reference to the attached drawing, which illustrates 
a non-llmfting embodiment thereof; in particular, the at- 
tached figure is a schematic diagram of an Internal com- 
bustion engine operating in accordance with the estima- 
tion method provided by the present invention. 
[0013] In the attached figure. 1 denotes the overall in- 
ternal combustion engine equipped with four cylinders 
2 (only one of which is shown in Rgure 1 ). each of which 
is connected to an intake manifold 3 via at least one re- 
spective intake vaVe 4 and to an exhaust manifold 5 via 
at least one respective exhaust valve 6. The Intake man- 
ifold 3 receives frosh air (i.e. air originating from the out- 
side environrrcn' and containing approximately 20% 
oxygen) vih a thronic valve 7. which can be adjusted 
between a closed posit on and a maximally open posi- 
tion. The fuel (for example petrol dicsel oO, methane or 
LPG) is directly tn ccicd into each cylinder 2 by a respec- 
tive injector 8 

[0014] An cxhrt jsi pspc Q Icr-.ds from the exhaust man- 
IfokJ 5. said exhnjs! ptpc compnsing a precatalyser 1 0 
and a subsequcn: cniai/scr 1 1 inside the exhaust pipe 
9 there is installed h JE3C probe 12. which is arranged 
upstream from the catalytic p'^oconverter 10 and is ca- 
pable of detecting ihc quantity of oxygen present in the 
exhaust gases input into the catalytic preconverterlO. 
a temperature sensor 1 3. which is arranged between the 
catalytic preconverter 10 and catalyser 11 and is capa- 
ble of detecting the temperature of the gas input into the 
catalyser 11, and a multisensor 14, which is ananged 
downstream from the catalyser 1 1 and Is capable of de- 
tecting either the presence of NO^ groups (nitrogenous 
group sensor) or the quantity of oxygen present relative 
to stoichelometric conditions (lambda probe) in tlie ex- 
haust gases output from the catalyser 1 1 (i.e. in the ex- 
haust gases released from the exhaust pipe 9 into the 
atmosphere). 

[0015] The engine 1 furthenmore comprises a control 
unit 15 which, inter alia, on each cycle controls the throt- 
tle valve 7 and the injector 8 in order to fill the cylinders 
2 with a quantity of a blend of combustion agent (fresh 
air) and fuel in a specific ratio as a function of the oper- 
ating conditions of the engine 1 and as a function of the 
commands received from the driver, in order to allow the 



control unit 15 to acquire the data required for correct 
operation thereof, the control unit 15 Is connected to the 
UEGO probe 12. the temperature sensor 13 and the 
multisensor 14. 
5 [0016] In service, the catalyser 11 stores either the 
NOy groups produced during combustion or the sulfur 
(in the form of SO J contained In the fuel and released 
during combustion in order to prevent said constituents 
from being released directly into the atmosphere. Peri- 

10 odbally, the control unit 15 calculates an index 1 of de- 
terioration in performance of the catalyser 1 1 , which in- 
dex I is capable of indicating the efHciency with whtoh 
the catalyser 11 itself Is operating. 
[0017] The deterioration index I is stated as a 

15 percentage and is cak:uiated from the ratio between the 
quantity NO^ioss '^^x Qroups not captured by the 
catalyser 11 and released dlne<% into the atmosphere 
and the quantity NO^totai c>f NO^ groups produced by the 
engine 1 ; obviously, the higher the deterioration index I, 

^ the poorer the performance of the catalyser 11. The 
quantity NOxiQg^ of NO^ groups not captured by the 
catalyser is obtained directly by the control unit 15 by 
measurement, performed by the multisensor 14, of the 
exhaust gases released from the exhaust pipe 9 into the 

25 atmosphere, while the quantity NOxiotai NO^ groups 
produced by the engine 1 is obtained in substantially 
known manner by the control unit 1 5 using maps that 
state the specific quantity (I.e. the quantity per unit of 
fuel injected Into the cylinders 2) of NO,^ groups 

30 produced by the engine 1 as a func^on of engine status 
(typically as af unction of engine speed and as a function 
of delivered torque). 

[001 8] The catalyser 1 1 has a limited storage capacity 
for NOy groups and sulfur (such storage capacity nor- 

35 mally amounts to 4 grams) and when said storage ca- 
pacity is exhausted, the catalyser 11 has to be cleaned 
by means of a regeneration process. The total mass of 
NOx groups produced during combustion is much great- 
er than the mass of sulfur released during combustion, 

40 and moreover the regeneration process to remove NO^^ 
groups (a few seconds of rich combustion of the engine 
1) Is much shorter than the regeneration process to re- 
move sulfur (at least two minutes of rich combustion of . 
the engine 1 combined with an internal temperature In 

45 the catalyser 11 which, in relative terms, Is very high). 
For the reasons stated above, the regeneration process 
to remove NO^ groups is nonmally cam'ed out every 
45-75 seconds of operation of the engine 1 , while the 
regeneration process to remove sulfur Is normally car- 

so ried out every 6-1 0 hours of operation of the engine 1 . 
[0019] In partbular, the regeneration process to re- 
move sulfur is scheduled by the control unit 1 5 accord- 
ing to the percentage value S of sulfur contained In the 
fuel and according to the time that has elapsed since 

55 the last regeneration process to remove sulfur, while the 
regeneration process to remove NO^ groups is carried 
out by the control unit 15 every time the index I of dete- 
rioration in performance of the catalyser 11 is greater 
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than a preset threshold value (for example 20%). since, 
under normal conditions, the deterioration Index I tends 
to get worse (I.e. Increase) as the storage capacity of 
the catalyser 11 approaches saturation. 
[00201 f^orr\ the above explanation, It Is clear that the 5 
total mass Mstored stored In the catalyser 11 Is given 
by the sum of the quantity SOxstored stored sulfur, 
measured in NO^ equivalents, and of the quantity 
NOxstored ^ Stored NOx groups, and that the catalyser 
11 IsnolongercapableofcapturingfurthersulfurorNO^ io 
groups, i.e. is no longer capable of operating properly, 
once the total mass M^tg^ stored has come to equal 
the total storage capacity of the catalyser 11 itself. 
[0021] The control unit 1 5 Is equipped with an estima- 
tor 1 6, which is capable of supplying the control unit 1 5 is 
itself with an estimate of the percentage S of sulfur . 
present In the fuel used by the engine 1 , so as to allow 
the control unit 1 5 to schedule correctly the regerteratlon 
processes for the catalyser 1 1 1n order to achieve either 
reduced overall consumption of the engine 1 or reduced ^ 
emissions of pollutants Into the atmosphere. 
[0022] VAHien the engine 1 Is relatively new, I.e. when 
the catalyser 11 is new and has not deteriorated, the 
estimator 16 is capable of directly estimating the value 
of the percentage S of sulfur present In the fuel used by 
the engine 1 ; this function is of particular value for rap- 
Idly obtaining a starting value for the percentage S of 
sulfur. 

[0023] The percentage S of sulfur present in the fuel 
supplied during a specific measurement time Interval Is 30 
estimated by the estimator 16 by eipplying equation [1], 
in which SO^stored is the quantity of sulfur stored In the 
catalyser 11 during the measurement time interval, K^ox 
IS a fixed conversion constant and mfuel is the mass of 
fuel supplied to the cylinders 2 in the measurement time 35 
interval. 



*^SQK'"Vuel 40 

[0024] The equation [1 ] is valid on the assumption that 
the sulfur contained in the fuel is completely retained 
within the catalyser 1 1 ; this assumption substantially al- 
ways applies , except for negligible errors during normal ^5 
operation of the engine 1. Analysis of the equation [1] 
reveals that the value for the conversiorl constant Ksox 
can readily be detennined theoretically and the value for 
the mass mfuel of fuel supplied to the cylinders 2 In the 
measurement time Interval can be detemnlned easily so 
and accurately by the control unit 15 on the basis of the 
commands issued to the injectors 8; it is thus clear that, 
once the value for the quantity SOxstored of sulfur 
stored In the catalyser 11 has been estimated, the per- 
centage S of sulfur can easily be calculated. 55 
[0025] The quantity SO^,^ of sulfur stored In the 
catalyser 1 1 in a certain measurement time interval can 
be estimated by comparing the regeneration process to 



remove NO^ groups at the beginning of the measure- 
ment time Interval and the regeneration process to re- 
move NOx groups at the end of the measurement time 
interval and assuming that the difference detected In the 
quantity of stored NO, groups is entirety due to the quan- 
tity SOxstored of sulfur stored in the catalyser 11; as 
stated above, this assumption is valid if the catalyser 11 
has not deteriorated and there is no drift In the model of 
the NOx groups, i.e. when the catalyser 11 is substan- 
tially new. 

[0026] In other words. It is assumed that, during the 
measurement time interval, the storage capacity of the 
catalyser 11 does not vary, i.e. it Is assumed that the 
regeneration process to remove NO^ groups at the be- 
ginning of the measurement time interval and the regen- 
eration process to remove NO^ groups at the end of the 
measurement time interval proceed on the basis of the 
same value for total mass Mgi^^ stored In the catalyser 
1 1 . Since the total mass Motored stored in the catalyser 
1 1 is given by the sum of the quantity SOxstored stored 
sulfur, measured in NO^ equivalents, and of the quantity 
'^^xstored stored NO^ groups, It Is obvious that the dif- 
ference found between the quantities NO^^i^^red stored 
NO^ groups amounts to the quantity SO^^iored stored 
sulfur. 

[0027] The quantity NO^stored stored NO^ groups 
relating to the regeneration process to remove NO^ at 
the beginning of the measurement time interval and re- 
lating to the regeneration process to remove NO^ 
groups at the end of the measurement time interval can 
be estimated by subtracting from the quantity NOxtoiai 
of NOx groups produced by the engine 1 the quantity 
NOxioss of NOx groups not captured by the catalyser 11 
and released directly into the atmosphere. As stated 
above, tfie quantity NOxioss NOx groups not captured 
by the catalyser is obtained directly by the control unit 
15 by measurenient, performed by the muttisensor 14, 
of the exhaust gases released from the exhaust pipe 9 
Into the atmosphere, while the quantity NO^totai of NOx 
groups produced by the engine 1 Is obtained in a sub- 
stantially known manner by the control unit 15 using 
mapis that state the specific quantity (i.e. the quantl^ 
per unit of fuel Injected Into the cylinders 2) of NO^ 
groups produced by the engine 1 as a function of engine 
status (typically as a function of engine spewed and as 
function of delivered torque). 

[0O28] Under nonnat operating conditions, i.e. when 
the catalyser 11 Is not new, the estimator 16 Is capable 
of adapting a current sulfur concentration value S^^ by 
applying - where necessary - a correction to said current 
value Sohj in order to obtain a new sulfur concentration 
value S^„. 

[0029] The size of the above-stated correction to the 
current sulfur concentration value S^^ can be estimated 
during the regeneration process to remove sulfur, during 
which the engine 1 is caused to operate in rich combus- 
tion, by applying equation [2], in which to Is the starting 
time for the regeneration process, t^ is the measured 
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real time at which the multisensor 14 detects a change 
from lean (X less than 1) to rich (X greater than 1), and 
t2 is the theoretical, estimated time at which the multi- 
sensor 14 ought to detect a change from lean (X less 
than 1 ) to rich (X greater than 1 ) If the current sulfur con- 
centration value Sold were correct. The value of time tg 
is easily calculated by calculating the total quantity of 
sulfur present in the fuel injected Into the cylinders 2 
since the preceding regeneration process to remove 
sulfur and assuming that said quantity of sulfur has been 
completely retained by the catalyser 1 1 ; the total quan- 
tity of sulfur present In the fuel is easily obtained by mul- 
tiplying the total mass of fuel injected by the cun'ent val- 
ue Sou sulfur concentration in the fuel. 

[0030] During the regeneration process to remove 
sulfur, the multisensor 14 detects lean operation (X less 
than 1) for as long as sulfur is present in the catalyser 
11, whereas ft detects rich operation (X greater than 1) 
when all the sulfur has been removed from the catalyser 
1 1 ; in other words the time Interval (t^ - Iq) is a function 
of the assumed quantity of sulfur retained in the cata- 
lyser 11 and estimated by means of the current sulfur 
concentration value Sqi^. while the time interval (t2-to) is 
a function of the actual quantity of sulfur retained in the 
catalyser 11. 

[0031] From the above explanation, it is clear that the 
regeneration process to remove sulfur is not complete 
until the multisensor 14 detects a change from lean (X 
less than 1) to rich (X greater than 1). 
[0032] According to another embodiment, the size of 
the above-stated correction of the cun^ent sulfurconcen- 
tration value Sold can be estimated by assuming that 
the dynamic sulfur fillfng process is faster than phenom- 
ena of drift in the engine 1 or of degradation of the cat- 
alyser 11, I.e. by assuming that any difference D be* 
tween an estimated value NO^storedi of the total quantity 
of stored NO^ groups by means of a model of HOj^ group 
production by the engine 1 and an estimated value 
^^xstored2 ^® ^^^^ quantity of stored NO^ groups on 
the basis of a storage model for the catalyser 11 Is en- 
tirely attributable to an error in the current sulfur concen- 
tration value Sold (current value S^id used in the storage 
model for the catalyser 11). 

[0033] in particular, if the difference D is less than a 
predetennined threshold, said difference is attributed to 
an error in the current sulfur concentration value S^u 
and is used to correct the current value S^id, while if the 
difference D is greater than the predetemiined thresh- 
old, this indicates drift in the model of NO^ group pro- 
duction by the engine 1 and is used to adjust the model 
Itself. 

[0034] The estimated value NOxstoredi ^o^' 
quantity of stored NOx groups is determined by using a 



model of NO, group production by the engine 1 ; in par- 
ticular, use of such a model provides subtraction from 
the quantity NO^otai NO^ groups produced by the en- 
gine 1 of the quantity NO^iog^ of NO^ groups not cap- 
5 tured by the catalyser 11 and released directly Into the 
atmosphere. As stated above, the quantity NO,^^ of 
NOy groups not captured by the catalyser is obtained 
directly by the control unit 15 by measurement, per- 
formed by the multisensor 14, of the exhaust gases re- 
10 leased from the exhaust pipe 9 Into the atmosphere, 
while the quantity NO^qibi of NO^ groups produced by 
the engine 1 is obtained in a substantially known manner 
by the control unit 15 using maps that state the speclTic 
quantity (i.e. the quantity per unit of fuel Injected into the 
75 cylinders 2) of NOx groups produced by the engine 1 as 
a function of engine status (typically as a function of en- 
gine speed and as function of delivered torque). 
[0035] The estimated value NOxstoredz ^^^^^ 
quantity of stored NOx groups is determined by using a 
model of storage by the catalyser 11 ; said model is de- 
fined by a series of maps that state the quantity of NO^ 
groups stored by the catalyser 1 1 as a function of the 
quantity NOxtotai ^0,^, groups produced by the engine 
1 (obtained by applying the above-described nnodei of 
NOx Qroup production by the engine 1 ), as a function of 
the current sulfur concentration value Sold and as a 
function of the temperature of the gases present inside 
the catalyser (temperature provided by the multisensor 
14). 

[0036] Obviously, the above-mentioned models, and 
in particular the values stored In the respective maps, 
are determined in the laboratory by means of a series 
of tests carried out on the engine 1 equipped with a se- 
ries of auxiliary measurement sensors, which are capa- 
ble of providing an Individual and accurate measure- 
ment of all the parameters Invoh/ed in the operation of 
the engine 1 itself. 

[0037] Preferably, the estimator 16 implements all 
three of the methods descrilsed above to estimate and/ 
or correct the value S for sulfur concentration In the fuel, 
so that it is possible to connpare the results obtained with 
at least two different methods and to identify any anonn- 
aJous values due to malfunctioning or particular situa- 
tions. 

[0038] From the above explanation, it Is clear that the 
estimator 1 6 Is capable of determining the current value 
S for sulfur concentration in the fuel with a relatively high 
degree of precision; moreover, incorporating the estima- 
tor 16 Inside the central control unit 1 5 is relatively eco- 
nomical and simple In that it does not InvoK^e the intro- 
duction of additional sensors, but simply modification at 
software level. 



1. Method for estimating the sulfur content In the fuel 
of an internal combustion engine (1 ) equipped with 
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at least one cylinder (2) and at least one catalyser^ 
(11), the latter being capable of storing a quantity of 
sulfur and NO^ groups and being subjected to a re- 
generation process to remove NO^ groups when ef- 
ficiency (1) of the catalyser (11) itself falls outside an 
acceptable range; the method providing a determi- 
nation of the percentage (S) of sulfur present in the 
fuel supplied during a specific measurement time 
interval by dividing the quantity (SO^re^) of sulfur 
stored in the catalyser (1 1 ) during the measurement 
time interval by the product of a fixed conversion 
constant (Ksox) mass of fuel (mi^^) sup- 

plied to the cylinder (2) in the measurement time 
interval; the method being characterised in that a 
first quantity (NO^jgio^ of NOx groups stored by 
the catalyser (11) Immediately before a regenera- 
tion process to remove NO^ groups is estimated at 
the beginning of the measurement time Intervai, a 
second quantity (NO^sio^ of NO^ groups stored 
by the catalyser (11) immediately t>efore a regerier- 
ation process to remove NO^ groups is estimated 
at the end of the measurement time interval and 
said quantity (SOjcgtored) sulfur stored in the cat- 
alyser (11) during the measurement time interval is 
estimated from the difference between said first 
quantity (NO^stored) 9^oups and said second 

quantity (NO^^pred) ^O^ groups. 

2. ly^ethod according to Claim 1 . in which each said 
quantity V^O^^^^a^ of NO^ groups stored by thecat* 
alyser (11 1 is obtained by suDtracting from a quan- 
tity (NO,f,o.ai) ^^O. groups produced by the engine 
(1) a quaniity (NO.,^^* of NO. groups not captured 
by the cat^tiyscr (ii) 

3. Method acco-dtng id Claim 2. in which said quantity 
(^^xioss) groups not captured by the cata- 
lyser (11) is measured by a sensor located down- 
stream frorri the catalyser (11 ). 

4. Method according to Claim 2 or 3, in which said 
quantity (NOj^otg,) of NO^ groups produced by the 
engine (1 ) is estimated by using a model of NO^ 
group production. 

5. Method according to Claim 4, in which said model 
of NO^ group production is defined by at least one 
map that states the specific quantity of NOj^ groups 
produced by the engine (1 ) as a function of engine 

status. 

6. Method according to one of Claims 1 to 5, in which 
said efficiency (I) of the catalyser (11) is evaluated 
by an index (I) of deterioration in the performance 
of the catalyser 11 , wiiich index (I) is calculated by 
means of the ratio between a quantity (NOXIQ33) of 
NOy groups not captured by the catalyser (11) and 
a quantity (NO^^,) of NO^ groups produced by the 



engine 1 . 

7. Method for estimating the quantity (SOxstorod) sul- 
fur stored in a catalyser (1 1 ) of an internal combus- 

5 tion engine (1) equipped with at least one cylinder 
(2); the catalyser being capable of storing a quantity 
of sulfur and NO^ groups and being subjected to a 
regeneration process to remove NO^ groups when 
efficiency (I) of the catalyser (11 ) itself falls outside 

10 an acceptable range; the method being character- 
ised in that a first quantity (NOxstored) 
groups stored by the catalyser (11) immediately be- 
fore a regeneration process to remove NO^ groups 
is estimated at the beginning of the measurement 

IS time interval, a second quantity (NO^stored) ^ 

groups stored by the catalyser (1 1 ) innmediately be- 
fore a regeneration process to remove NO^ groups 
is estimated at the end of the measurement time 
intenral and said quantity (SOxstored) sulfur stored 

^ in the catalyser (11) during the measurement time 
interval is estimated from the difference l:>etween 
said first quantity (NO^stored) '^^x 9i^oups and 
said second quantity (NO^stored) groups. 

S5 8. Method according to Claim 7, in which each said 
quantity (NOxstored) groups stored by the cat- 

alyser (11) is obtained by subtracting from a quan- 
tity (NOxiotai) ^^x groups produced by the engine 
(1) a quantity (NO,^,^) of NO^ groups not captured 

30 by the catalyser (11). 

9. Method according to ClainrvS^ in which said quantity 
(NOxbss) of NOx groups not captured by the cata- 
lyser (11) is measured by a sensor (14) arranged 

35 downstream from the catalyser (11 ). 

10. Method according to Claim 8 or 9, in which said 
quantity (NOxb^ of NOx groups produced by the 
engine (1) is estimated by using a model of NO^ 

40 group production. 

11 . Method according to Claim 1 0, in which said model 
of NOx group production Is defined Isy at least one 
map that states the specific quantity of NOx Oroups 

45 produced by the engine (1 ) as a function of engine 
status. 

12. Method according to one of Claims 7 to 11 , in which 
said efficiency (I) of the catalyser (1 1) is evaluated 

50 by an index (I) of deterioration in the performance 
of the catalyser 11, which index (i) Is catcutated by 
means of the ratio between a quantity (NOxi^ss) of 
NO^ groups not captured by the catalyser (11) and 
a quantity (^Oj^^g^) of NOx Qroups produced by the 

S5 engine 1. 

13. Method for estimating the sulfur content in the fuel 
of an internal combustion engine (1) equipped with 
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at least one cylinder (2) and at least one catalyser 
(1 1 ). the latter being capable of storing a quantity of 
sulfur and NO^ groups and being subjected to a re- 
generation process to rennove sulfur; the method 
providing the use of a current sulfur concentration 
value (S^ui) correction of said current sulfur 

concentration value (Sold) order to obtain a new 
sulfur concentration value (S^e^); the method being 
characterised In that a first time interval (t^-to), 
which is actually necessary in order to complete a 
regeneration process to remove sulfur, is meas- 
ured, the quantity (SO^g^ of sulfur stored in the 
catalyser (11) before said regeneration process to 
remove sulfur is determined using said current sul- 
fur concentration value (S^, a second time inter- 
val (t2-tQ), which Is theoretically necessary to conv 
plete the regeneration process, is estimated on the 
basis of the estimated quantity (SOxstored) ^ sulfur 
stored In the catalyser (11). and a multiplicative cor- 
rection coefficient is detennined as a ratio between 
said first time interved iU'to) and said second time 
interval (t^-to). 

14. Method according to Claim 13, in which the end of 
said first time interval (t,-to), which is actually nec- 
essary to conplete the regeneration process to re- 
move sulfur is determined according to the time (t^) 
at which a lambda probe (14) arranged downstream 
from the catalyser (11) detects a change from lean 
to rich in the gases emitted by the catalyser (11) it- 
self. 

15. Method according to Claim 13 or 14, in which the 
quantity (SOj^st^red) of sulfur stored in the catalyser 
(11) is estimated by multiplying the current sulfur 
concentration value (S^y) by the total mass {n)f^^ 
of fuel supplied to the cylinder (2) since the preced- 
ing regeneration process to remove sulfur. 

16. Method for estimating the sulfur content in the fuel 
of an Intemal combustion engine (1) equipped with 
at least one cylinder (2) and at least one catalyser 
(1 1 ), the latter being capable of storing a quantity of 
sulfur and NO^ groups; the method providing the 
use of a current sulfur concentration value {S^^ 
and the correction of said current sulfur concentra- 
tion value (Squ) In order to obtain a new sulfur con- 
centration value {Sf^); the method being charac- 
terised in that a first value (NOxstoredl) of the total 
quantity of NO^ groups stored in the catalyser (11) 
is estimated by means of a model of NO^ group pro- 
duction by the engine (1), a second value 
(ISIO^gjo^jjg) of the total quantity of NO^ groups 
stored by the catalyser (11 ) Is estimated by means 
of a model of storage of the catalyser (11) and an 
additive correction coefficient (D) is determined as 
the difference between said first estimated value 
(N^xstoredi) d^cl said second estimated value 



17. Method according to Claim 1 6, in which said correc- 
tion coefficient (D) is used to correct said current 

5 sulfur concentration value (S^ia) ^ correction co- 
efficient (D) is within a predetermined range, while 
it is used to adjust the model of NO^ group produc- 
tion by the engine (1 ) if the correction coefficient (D) 
is outside the predetemnined range. 

10 

18. Method according to Claim 16 or 17. in which said 
model of storage by the catalyser (11) is defined by 
a series of maps that state the quantity of NO^ 
groups stored by the catalyser (11) as a function of 

^5 the quantity (NOjrtotai) of NO^ groups produced by 
the engine (1), as a function of the cun-ent sulfur 
concentration value (S^) and as a function of the 
temperature of the gases present Inside the cata- 
lyser (11). 

20 

19. Method according to Claim 16, 17 or 18 in which 
said model of NO^ group production by the engine 
(1) provides obtaining the quantity (NOj^s^pr^jj) of 
NO^ groups stored by the catalyser (11 ) by subtract- 

25 ing from a quantity (NOxtotai) o^ NO^ groups pro- 
duced by the engine (1 ) a quantity (NO^ss) of NO^ 
groups not captured by the catalyser (11 ). 

20. Method according to Claim 19, in which said quan- 
ta tity (NOjj,^ of NO^ groups not captured by the cat- 
alyser (11) is measured by a sensor located down- 
stream from the catalyser (11 ). 

21. Method according to Claim 1 9 or 20, in which said 
35 quantity (NO^^iai) of NO^ groups produced by the 

engine (1) is estimated by using a model of NO^ 
group production. 

22. Method according to Claim 21 . in whbh said model 
^ of NO^ group production is defined by at least one 

map that states the specific quantity of NO„ groups 
produced by the engine (1) as a function of engine 
status. 

45 
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